Enthalpy changes in microtubule assembly from pure tubulin.
The enthalpy changes that occur in the self-assembly of tubulin into microtubules were examined by adiabatic differential heat capacity microcalorimetry and by isothermal batch microcalorimetry. Tubulin solutions at concentrations between 7 and 17 mg/mL were heated from 0 to 40 degrees C at heating rates of 1 or 2 deg/min in pH 6.8 or 7.0 assembly buffers containing 20 mM MES, 100 mM glutamic acid, 5 mM MgCl2, 3.4 M glycerol, and either 0.5 mM GMP-PCP or 1 mM GTP. The assembly reaction in the presence of GTP was characterized by a complex heat-uptake pattern consisting of a broad endotherm with a sharper exotherm superimposed on it, similar to assembly in a GTP phosphate buffer [Hinz, H.-J., Gorbunoff, M.J., Price, B., & Timasheff, S.N. (1979) Biochemistry 18,3084]. Replacement of GTP by the nonhydrolyzable analogue resulted in a pattern typical for an endothermic reaction only. These results have permitted the assignment of the endothermic process to microtubule assembly and of the exothermic process to the resultant GTP hydrolysis. In these studies equilibration was found to be slow, several hours of cooling being required for the system to return to its original state. Turbidity scans also revealed hysteresis between consecutive scans and a displacement of the depolymerization transition midpoint to a lower temperature than that of assembly. The disassembly of microtubules was examined in batch calorimetry experiments in pH 7.0 phosphate, 1 mM GTP, 16 mM MgCl2, and 3.4 M glycerol, in which tubulin assembled into microtubules was diluted to below the critical concentration.(ABSTRACT TRUNCATED AT 250 WORDS)